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Introduction
Since the early 1990s series of reforms have been implemented in transition economies.
Economic reforms aiming at increase in efficiency comprised price liberalization, privatization and enterprise restructuring. However, the reforms also brought dramatic changes in all areas of the population's life. Important side effects were increase in unemployment and poverty, additional stress and uncertainty, rising crime, and fall in living standards, for certain groups of the population. As a result, the population in transition economies experienced dramatic changes in lifestyle and a significant decline in life expectancy.
The adverse effects of transition were most severe in the Former Soviet Union. Several studies examine the reasons for the mortality crisis in Russia and other former Soviet republics (Breinerd and Cutler, 2005; Cockerham, 2000; Shkolnikov et al., 2004) . Breinerd and Cutler show that during the 1990s greater alcohol consumption was an important determinant of higher mortality rates in Russia. The increased stress from the transition to a market economy had dramatically affected the lifestyle and the diet of the population as well.
Furthermore, the authors find that across households rising human obesity has important health consequences and is a significant predictor of mortality, however, the magnitude of the effect is small. Stillman (2006) reviews the literature examining health outcomes in Eastern Europe and the Former Soviet Union during the transition period and also points out to the link between obesity and health outcomes.
Obesity has reached epidemic proportions globally, with more than 1 billion adults overweight, and at least 300 million of them clinically obese (WHO, 2006) . Obesity has become a major contributor to the global burden of chronic diseases and disability. The health consequences range from increased risk of premature death to serious chronic conditions that reduce the overall quality of life. The emerging and transition economies, including Russia, had the highest number of diabetics in 1995 (WHO, 2006) . Therefore, a greater understanding of the rise in obesity and its determinants in transition economies could lead to important policy recommendations for reducing the problem and improving the health of the population.
The risk of obesity is strongly influenced by diet and lifestyle which have been changing dramatically as a result of economic and nutritional transitions. However, very few studies have examined the determinants of obesity in transition economies in contrast to the large literature on high-income countries such as the USA (Chou et al., 2004; Huffman et al., 2006; Komlos and Baur, 2004; Lakdawalla et al., 2005; Lakdawalla and Philipson, 2002; Rashad, 2006; Rashad et al., 2005) . Mendez and Popkin (2004) find that the population of low-income countries has also become susceptible to obesity in the process of economic development. An interesting study by Liefert (2004) examines food security in Russia and points that a serious health problem is overweight and obesity "which have increased during transition and currently affect over half of the adult population." Zohoori et al. (1998) find that the prevalence of obesity, as well as the alcohol consumption, has risen significantly in Russia during 1992-1996.
The goal of this paper is to develop theoretical and empirical models to examine human obesity and its determinants in Russia, the largest transition economy. The analysis contributes to better understanding of how rationale economic agents respond to external factors that are expected to influence food consumption and weight. Russia is also one of the transition economies facing the most severe obesity and general health problems. Obesity has increased during transition, rising from 20.3 percent of the population in 1994 to 28.0 percent in 2004-a 38-percent increase, based on our weighted sample. Individual and household level data from the Russian Longitudinal Monitoring Survey (RLMS) for 1994 and 2004 is employed to study the factors contributing to rising obesity in the framework of the productive household models and to empirically test our hypotheses. The models are estimated for the pooled sample and for subsamples by gender and time period. Empirical results strongly support our models for production of health and demand for inputs in the health production function. The rest of the paper is organized as follows. First, a conceptual framework is developed, based on health productive household models. Next, the data and econometric techniques are described, followed by a discussion of the estimation results.
Finally, conclusions and suggestions for further research are offered.
Theoretical model
The productive household models of health developed by Rosenzweig and Schultz (1982) and Grossman (2000) , and the agricultural household models developed by Huffman (1991) provide a useful framework for analyzing overweight and obesity. An important proposition in the framework is that the health status of each household member is determined by the degree of overweight and obesity of that member. The household has a utility function
Utility is determined by health status, H; consumption of food (diet), D, consumption of other goods (excluding food) and services (other than health inputs), C, and leisure, L.
Furthermore, utility is affected by a vector O of fixed (observable) characteristics, such as education, age, gender, place of residence, etc.
The household has a health production function
where M denotes a vector of purchased health inputs such as medical drugs and health care services, and μ is the unobservable individual and household characteristics that affect the individual's health; such characteristics may include genetic factors. Food consumption/diet affects utility directly and indirectly through health production, providing energy, protein, vitamins and minerals.
We assume that the household has a budget constraint
where P D , P M and P C denote the prices of food (D), medical drugs and health care services (M), and other goods and services (C), respectively. Further, W is the wage rate, T is the fixed time endowment (T-L=work), and N is the household's nonlabor income.
For an interior solution of the model, substitute equation (2) into (1) and use the budget constraint (3). Then, the household chooses D, L, M, and C by maximizing its utility subject to its budget constrain. The utility maximization problem can be written as
where λ is the Lagrange multiplier representing the marginal utility of household full income.
The first order conditions for an optimal solution are:
and For an interior solution, equations (5)- (9) yield the household optimal demand functions for D, M, L and C:
Therefore, the demand for inputs into the health production function depends on the prices of the purchased inputs (P D , P M , P C ), the wage rate (W), nonlabor income (N), fixed factors (O) and unobserved factors (μ), which are assumed to have zero expected mean. After substituting the optimal demand functions D * , M * and L * from equation (10) into the health production function (2), we obtain the household's health supply function:
To clarify, the household's health production function (equation 2) is a technology relationship, while the health supply function (equation 11) is the behavior relationship based on the optimal household's decisions. Following our theoretical model, we first establish the technical relationship between weight (and BMI, in an alternative specification) and its determinants, including diet as measured by caloric intake and composition, and control for selective economic and sociodemographic factors. The individual's health production function (2) or the technical relationship is specified as
Data and econometric specification
where subscript i refers to an individual, H i is defined as the individual's weight in kg (or BMI). 3 Height is the individual's height measured in cm; Calories is the total individual calories consumed per day; Fat is the share of fat intake in the total calorie intake; Protein is the share of protein in the total calorie intake; Smoker is a dummy variable equal to one if the individual smokes and zero otherwise; Male is a dummy variable equal to one if the individual is male and zero otherwise (i.e. female); Education is a set of dummy variables for three levels of education (basic, high, and higher); Work is the labor force participation Larger caloric intake, other things equal, is expected to lead to weight gain and eventually to obesity (γ 3 >0). Likewise, an increase in fat in the diet, beyond a certain threshold, is expected to accelerate obesity (γ 4 >0), and increase in protein -possibly to accelerate obesity (γ 5 ><0). Smokers consume fewer calories than non-smokers. Specifically, cigarette smoking is associated with lower weight because smoking tends to increase metabolism and suppress appetite, thus having a negative effect on weight (BMI) (γ 6 <0). For other variables the a priori hypotheses are more complex and outcomes less clear; therefore, we do not state prior expectations about the signs of coefficients for these variables.
Next, we estimate demand equations (eq. 10) for calories, meat and fish, fruits and vegetables, and dairy products. The empirical specification for these demand equations is (15) where Income is the total real household income per month, and Region is a dummy variable for each of eight regions of the country that represent, largely, the regional differences in real food prices. Regional fixed effects will control for relative prices of food and other omitted variables that differ by region. Studies on transition economies by Gardner and Brooks (1994) and Huffman and Johnson (2004) have found geographical price differences.
Household income is expected to have a positive effect on the supply of good health, but we permit it to be non linear by adding a squared term. We expect individual weight (or BMI) to increase with age, at least up to middle age, but eventually the digestive system starts to lose its efficiency and capacity and the effects of finite life set in. Therefore, we expect β 8 >0 and
The econometric specifications in equation (12) and (15) are estimated by OLS, both for the whole sample and by gender subgroups (male/female). We also test for homogeneity of the health production and supply functions across genders, (male/female) and expect to reject homogeneity.
Estimation results
We estimate the health production function, individual demand functions for calories and alcohol, and the household demand functions for other food types, and then the health supply function as specified in equations (12), (13), (14) (14) are estimated using the probit estimator. We have a balanced panel for individuals and households from 1994 and 2004. We report the robust standard errors that have been corrected for individual clustering. Table 3 presents the OLS estimates of the health production function where the dependent variable is the natural log of an individual's weight. It is fitted on pooled data and separately by gender. We test for equality across gender and reject the homogeneity. 6 We find strong econometric evidence for the health production function for both females and males. Weight increases with an individual's height. Age has a positive and significant effect on weight, but the age effect is diminishing at higher ages. Total calories consumed positively and significantly affect male's weight, while the protein intake leads to an increase in the weight of both men and women. A ten percent increase in caloric intake increases individual's weight by 0.6 percent for males. An increase in food fat content, holding protein content and calorie consumption constant, increases the weight for both females and males.
Increasing protein content, holding fat content and calories consumed constant, increases an individual's weight, as well. Smoking decreases significantly the male's weight by 7.6 percent and the female's weight by 2.7 percent. Having a higher level of education has a strong and significant negative effect on woman's weight-a decrease of 3.8 percent compared to the basic education category, but there is no significant effect of a male's education on his weight. An individual being employed has a statistically significant positive effect (a 1.7 percent increase) on male's weight. However, there is no a significant effect for women. Being employed could possibly increase the opportunity costs of off-the-job physical exercise needed to maintain lower (optimal) weight. The estimated coefficients for the year dummy are statistically significant and positive, indicating that people are heavier in 2004 than 1994. During the transition, individual weights have increased by 1.2 percent, other things equal. This finding suggests that the standard mechanism driven by technological change is also at work, as is observed for other countries. Diet (food consumption) is an important determinant of an individual being overweight or obese. In Russia, the traditional diet is high in sugar and livestock products (meat and dairy) that contain fat, protein and cholesterol, but is low in consumption of healthier foods, such as vegetables and fruits, and has extremely low intake of citrus fruit (Ginter 1995) . This is probably due to the difficulty of growing fruits and vegetables in the Russian climate, as well as to the state authorities' food recommendations during the Soviet era that heavily favored meat and dairy products. The original Recommended Daily intake in the Soviet Union specified that high protein intakes were necessary for maintaining good health. But high animal protein diets are likely to be high in saturated fat also. significantly increases the demand for calories but the effect of income is diminishing at higher income levels, given the negative coefficient on the squared term of income. The income elasticity estimated at the sample mean is 0.035. Therefore, the estimated income effect is quite small. Being male increases the demand for calories by about 10 percent.
During the transition, the demand for (consumption of) calories has increased by 2.3 percent.
Being a smoker decreases the demand for calories by 3 percent. The results of the estimation of the demand for calories equation show significant regional effects, as well. Compared to the base Moscow-St. Petersburg metropolitan regions, the consumption of calories in all less urbanized regions is higher by between 10.8 and 23.9 percent.
The household demand equations for meat and fish, fruits and vegetables, and dairy products were fitted to the household data. The results are presented in Table 5 . The adult equivalent number of household members is included to control for the size of the household, and the individual characteristics of the household head are used. The year dummy variable, household income and the head's education are among the important factors that significantly increase the household's demand for meat and fish, fruits and vegetables, and dairy products.
The quantity demanded of these products is 7.0 to 8.9 percent higher in 2004 than in 1994.
The demands for fruits and vegetables, meat and fish, and dairy products are also convex in age of the household head-the quantity demanded declines until middle age and increases later. However, the effects are statistically significant only for the fruits and vegetables and dairy demand equations. The positive coefficient on income and the negative coefficient on income squared indicate that the demands for calories, meat and fish, fruits and vegetables, and dairy products are concave with respect to income. The demands for meat and fish, fruits and vegetables, and dairy products peak at 44769, 44755 and 34007 rubles, respectively. The income elasticities computed at the mean values of expenditures are positive and higher than unity-1.97 for fruits and vegetables, 1.66 for meat and fish and 1.27 for dairy products, indicating that as real income fell there was a major reduction in the consumption of these products. The estimated elasticities are relatively high compared to those found in developed countries but comparable to those found in other transition economies (Hossain and Jensen, 2000) . The regional differences in demands are interesting as the pattern of demand for all types of food is just the opposite of the pattern of demand for calories. In all regions, demands are lower compared to the base Moscow-St. Petersburg regions. The results suggest that dietary patterns differ substantially between metropolitan areas and rural provinces in Russia. Table 6 presents the estimated coefficients and the marginal effects of the individual's probability of consuming alcohol. The marginal effects are evaluated at the sample means.
Being a male, a smoker, and having a higher education, all increase the probability of consuming alcohol by 20.4, 12.8 and 11.0 percent, respectively. An increase in age has a positive but diminishing effect on the probability of alcohol consumption. The marginal effect of age evaluated at the sample mean is negative. Alcohol consumption also increases with income, although the effect is not statistically significant. However, the marginal effect of income at the mean is positive and statistically significant. The probability of alcohol consumption is significantly higher in the North and Northwest (by 8.1 percent), Central (by The results from the OLS estimation of the health supply function using lnWeight as the dependent variable are presented in Table 7 . An increase in household income increases weight for males but not females, a similar finding with the study by Jahns et al. (2003) . The observed income effect could be explained by the more sedentary nature of higher income jobs as well as higher opportunity cost of off-the-job exercising. 8 The effects of the factors affecting obesity are similar, with the only difference being the impact of income, which is larger in magnitude and more significant in 2004. This is an important result pointing to the fact that economic forces have begun to play an increasingly important role in individual choices with the unfolding transition to a market economy.
Conclusions
This paper develops both theoretical and empirical models to facilitate understanding of the increased human obesity, measured as weight and BMI, and its determinants in Russia during the transition from a planned to a market economy. During ten years of transition there was a significant rise in obesity in Russia -a 38 percent increase by 2004. Empirical results strongly support our models for production of health and demand for inputs in the health production function. Diet/caloric intake, smoking, gender and education are important determinants of obesity in Russia. The study finds a strong positive effect of caloric intake and a strong negative effect of smoking on weight and BMI -findings similar to those in developed market economies (Chou et al., 2004; Rashad, 2006; and Rashad et al., 2005) .
We employ a balanced panel from the RLMS for 1994 and 2004 for both households and individuals in order to evaluate the changes in overweight and obesity during the transition and the effects of various factors. The individual health production and supply functions are the main focus of this analysis. Demographic and anthropometric characteristics such as height, gender, and age positively and significantly influence the degree of overweight and obesity in Russia, while age has a nonlinear effect, and better educated individuals are less overweight and obese. Economic and dietary factors such as caloric intake and composition of fat and protein also affect positively and significantly the individual's weight, and therefore contributes to obesity, but smoking deters overweight. These findings are similar to findings for developed economies, including the US (Chou et al., 2004; Lakdawalla and Philipson, 2002) . Being employed increases individual's weight only for males, also.
Income is associated with higher weight and BMI for males, a trend currently observed in developed countries. For example, in 1970s the obesity rate of the population in the United
States was heavily concentrated in low income households, but over the past three decades obesity has spread throughout the middle and high income population groups as well (Maheshwari et al., 2005) .
Unbalanced diet and unfavorable health behavior such as large increases in alcohol and tobacco consumption amongst certain groups of the population are important determinants of health. Since diet is an essential factor affecting obesity, we fitted demand equations for several food groups, including meat and fish, fruits and vegetables and dairy products.
Among the factors significantly and positively affecting consumption are household income, and the education and age of the household head. Although the total calories consumed did not change over the ten-year period, obesity has increased. Change in the composition of the diet such as shifting away form healthy food as fruits and vegetables toward fatty and sugary products, or unhealthy lifestyle such as increased alcohol consumption, as well as the change in lifestyle with the technological progress, are among the possible explanations.
Understanding the determinants of obesity in Russia is important in order to define what strategies are most likely to be effective in preventing and reducing obesity. This study indicates that higher education has a significant and negative effect on obesity. Education not only provides economic returns such as increasing earnings and employment, but also improves health and well being. Therefore, interventions which enhance education could play a vital role in preventing obesity in Russia. People should be educated about healthy lifestyles and healthy diet.
Notes
1. This is analogous to the derivation of the supply function for farm output in an agricultural household model (see Huffman, 1991) .
2. This is not a true panel survey where sample households and individuals are followed and interviewed in each round. However, after 1999 the original design was modified and some households and individuals who moved were surveyed at their new locations. Most importantly, the analyses of the RLMS data for attrition, carried out by the Institute for Social Research at the University of Michigan, show that the exits can be characterized as random and that the sample distributions remain unchanged (Heeringa, 1997) 3. In the alternative estimation, where the dependent variable is BMI, Height is not included as an explanatory variable.
4. All of the variables are defined in Table 1. 5. We are aware of the fixed and random effects models for panel data but we have only two time points (1994 and 2004) of the cross section sample. In the estimations we have included a year dummy to capture the average year effects and also allow for clustering of individuals and households.
6. We applied Wald tests for coefficient differences between the male and female subsamples. The results are available from the authors upon request.
7. Due to data limitations, we estimated demands for meat and fish, fruits and vegetables, and dairy at the household rather than the individual level. 
